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(57) ABSTRACT

A common source or common emitter LNA circuit for ampli-
fying signals at an operating frequency f'in a receiver circuit
is disclosed. The LNA circuit comprises an input transistor
arranged to, in operation, be biased to have a transconduc-
tance g, at the operating frequency f, and having a first ter-
minal, which is a gate or base terminal, operatively connected
to an input terminal of the LNA circuit. The LNA circuit
further comprises a shunt-feedback capacitor operatively
connected between the first terminal of the input transistor
and a second terminal, which is a drain or collector terminal,
of the input transistor. Furthermore, the LNA circuit com-
prises an output capacitor operatively connected between the
second terminal of the input transistor and an output terminal
of the LNA circuit. The output capacitor has a capacitance
value C,<g, /f.
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1
LOW-NOISE AMPLIFIER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
European Patent Application No. 12153472.1, filed Feb. 1,
2012, which is hereby incorporated herein by reference in its
entirety. This application also claims the benefit of U.S. Pro-
visional Application No. 61/596,330, filed Feb. 8, 2012,
which is hereby incorporated herein by reference in its
entirety.

TECHNICAL FIELD

The present invention relates to the field of low-noise
amplifiers for receivers, such as radio receivers.

BACKGROUND

When designing a low-noise amplifier (LNA) it is impor-
tant to consider its required input matching (e.g. to 50€2),
matching bandwidth, noise figure, linearity and power con-
sumption. Ifthe LNA has a well behaved input impedance the
matching network will be easy to design and robust in pro-
duction. Ifthe resistive component of the LNA’s input imped-
ance is very far from the desired matching impedance (e.g.
50Q) it is very difficult to match it properly without adding
extra resistive losses, and, hence, noise. Also a wide-band
matching network will be more complex than a more narrow-
band one. To keep cost and size down it is important that an
LNA can be matched to several input frequencies. This
requires wide band LNA structures. Finally, it is normally
desirable to have a very high LNA input compression point
without sacrificing power consumption.

Two common methods are used for setting the resistive part
of the LNA input impedance: resistive shunt or inductive
series degeneration.

In the case of a resistive shunt degeneration LNA, illus-
trated in FIG. 1, the input resistance (Rin) is set by the voltage
gain of the circuit and the resistance Rf. Assuming the load is
dominated by RL, the transconductance is set by Q1, and the
open-loop input impedance is high, then we get Rin~R1f/(1+
gm1-RL), where gm1 is the transconductance of Q1. A typical
value for Rf is about 500Q. The common base transistor Q2
isolates the load resistor from Q1 to increase the voltage gain,
and the emitter follower Q3 isolates Rf from RL to minimize
loading Such a combination of a common-emitter and a com-
mon-base stage is called a cascode, and is a common way to
improve the gain and reverse isolation of a single common-
emitter stage. Cascodes can be formed of any combination of
MOS, BJT and MESFET transistors, including mixed types.
A drawback with the resistive shunt degeneration LNA is the
presence of the resistor Rf, which degrades the noise figure.
One possible way to improve the noise figure is to increase the
gain. However, doing so would normally degrade the linear-
ity.

In MOS and MESFET circuits, inductive series degenera-
tion, illustrated in FIG. 2 is more common than resistive shunt
degeneration. With the common terminology, the input resis-
tance will be Rin~gm-L.f/Cgs, where gm and Cgs are the
transconductance and the gate-to-source capacitance, respec-
tively, of the transistor M1. A typical value of Lfis 1 nH. The
inductive series degeneration is inherently more narrow band
as the input impedance basically corresponds to an RLC
series resonator, typically with at least a moderate Q (e.g.
1<<Q<10, which can typically be obtained for an on-chip
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inductor). A drawback with the series degeneration of FIG. 2
is that the LNA closed-loop transconductance is reduced,
typically to half the value of M1 alone, and that it is requiring
a matching inductor Lg, which typically is external as its
value depends on the actual operating frequency. The size of
Lf, when integrated on chip, may also be an issue. Further-
more, the structure is inherently narrow band as the input
impedance approximately corresponds to a series resonator,

The article Adabi et al, “CMOS Low Noise Amplifier with
capacitive feedback matching”, Proc. IEEE 2007 Custom
Integrated Circuits Conference, pp. 643-646 (in the following
referred to as “Adabi et al”’) shows in FIG. 1 therein an LNA
with a capacitive feedback.

SUMMARY

The inventors have realized that the use of a capacitive
feedback LNA such as that illustrated in FIG. 1 of Adabi et al
can alleviate at least some of the drawbacks of the resistive
shunt degeneration LNA and the inductive series degenera-
tion LNA described above. However, the inventors have fur-
ther realized that, even if such a capacitive feedback LNA
provides a matched resistive input-impedance with relative
wide bandwidth, the useable bandwidth of the LNA is never-
theless limited because the bandwidth of the gain is relatively
low in comparison with the bandwidth of the resistive input
impedance. An object of the present invention is therefore to
provide an improved low-noise amplifier with capacitive
feedback for use in a receiver circuit.

According to a first aspect, there is provided a common
source or common emitter low-noise amplifier (LNA) circuit
for amplifying signals at an operating frequency finareceiver
circuit. The LNA circuit comprises an input transistor
arranged to, in operation, be biased to have a transconduc-
tance g, at the operating frequency f, and having a first ter-
minal, which is a gate or base terminal, operatively connected
to an input terminal of the LNA circuit. The LNA circuit
further comprises a shunt-feedback capacitor operatively
connected between the first terminal of the input transistor
and a second terminal, which is a drain or collector terminal,
of the input transistor. Moreover, the LNA circuit comprises
an output capacitor operatively connected between the sec-
ond terminal of the input transistor and an output terminal of
the LNA circuit. The output capacitor has a capacitance value
C,<g,/T.

The input transistor may be a MOS transistor, whereby the
first terminal is a gate terminal, the second terminal is a drain
terminal, and the LNA circuit is a common source LNA
circuit. The shunt-feedback capacitor may be or comprise a
MOS gate capacitor implemented with a MOS transistor of
the same type as the input transistor. The feedback capacitor
may be or comprise a gate-to-drain capacitance of the input
transistor.

The input transistor may be a bipolar junction transistor,
whereby the first terminal is a base terminal, the second
terminal is a collector terminal, and the LNA circuit is a
common emitter LNA circuit.

The LNA circuit may comprise a series inductor opera-
tively connected between the first terminal of the input tran-
sistor and the input terminal of the LNA circuit 30.

According to a second aspect, there is provided a receiver
circuit. The receiver circuit comprises the LNA circuit
according to the first aspect. The receiver circuit further com-
prises a termination circuit with a current input terminal con-
nected to the output terminal of the LNA circuit.

The magnitude 1Z,,(f)! of the input impedance Z,, of the
termination circuit at the frequency f may be less than 1o of
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the magnitude |Z, 1=1/(2nf-C;) of the impedance Z (1) of
the output capacitor of the LNA circuit.

The termination circuit may be or comprise a common-
base amplifier, a common-gate amplifier, a trans-impedance
amplifier, a feedback-connected operational amplifier with a
virtual-ground node as current input terminal, a transformer,
or a current-mode mixer.

The receiver circuit may be a radio receiver circuit.

According to a third aspect, there is provided a radio com-
munication apparatus comprising the receiver circuit accord-
ing to the second aspect. The radio communication apparatus
may e.g. be, but is not limited to, a mobile terminal, a wireless
data modem, or a radio base station.

According to a fourth aspect, there is provided a wireline
communication apparatus comprising the receiver circuit
according to the second aspect. The wireline communication
apparatus may e.g. be, but is not limited to, a cable modem.

Further embodiments are defined in the dependent claims.
It should be emphasized that the term “comprises/compris-
ing” when used in this specification is taken to specify the
presence of stated features, integers, steps, or components,
but does not preclude the presence or addition of one or more
other features, integers, steps, components, or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features and advantages of embodiments
of the invention will appear from the following detailed
description, reference being made to the accompanying draw-
ings, in which:

FIG. 1 illustrates a resistive shunt feedback low-noise
amplifier;

FIG. 2 illustrates an inductive series degenerated low-noise
amplifier;

FIG. 3 schematically illustrates a mobile terminal in com-
munication with a radio base station;

FIG. 4 shows a simplified block diagram of a radio receiver
circuit according to some embodiments of the present inven-
tion;

FIG. 5 illustrates a conventional capacitive shunt feedback
amplifier;

FIGS. 6-9 are simplified schematic circuit diagrams of
embodiments of a low-noise amplifier circuit; and

FIGS. 10-11 illustrates part of a radio receiver circuit
according to an embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 3 illustrates schematically an environment in which
embodiments of the present invention may be employed. In
FIG. 3, a mobile terminal 1, illustrated in FIG. 3 as a mobile,
or cellular, telephone 1, is in wireless communication with a
radio base station 2, e.g. in a cellular communication network.
The mobile telephone 1 and the radio base station 2 are
nonlimiting examples of what is referred to below generically
with the term radio communication apparatus. Another non-
limiting example of such a radio communication apparatus is
awireless data modem, e.g. a wireless data modem to be used
in a cellular communication network. Embodiments of the
present invention may also be employed in radio communi-
cation apparatuses for operation in other types of communi-
cation networks, such as but not limited to wireless local area
networks (WLANs) and personal area networks (PANSs).
Embodiments of the present invention may further also be
employed in other types of communication apparatuses, e.g.
wireline communication apparatuses, such as but not limited
to cable modems.
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Communication apparatuses may comprise one or more
receiver circuits, such as a one or more radio receiver circuits
in the case of radio communication apparatuses. An example
of'such a radio receiver circuit is briefly described below with
reference to FIG. 4. FIG. 4 is a simplified block diagram of'a
radio receiver circuit 10 according to an embodiment of the
present invention. In FIG. 4, the radio receiver circuit 10 is
connected to an antenna 15 for receiving electromagnetic
radio frequency (RF) signals. Although a single antenna 15 is
shown in FIG. 4, multiple antennas may well be used in other
embodiments. In the embodiment illustrated in FIG. 4, the
radio receiver circuit comprises analog processing circuitry
20 for operative connection to the antenna 15. The analog
processing circuitry 20 is adapted to perform (analog) signal
processing on RF signals from the antenna 15. The analog
processing circuitry 20 may comprise one or more filters
and/or other circuitry for processing of RF signals. Such
circuitry is, per se, well known in the art of radio receivers and
is therefore not further described herein in greater detail.

Furthermore, the embodiment of the radio receiver circuit
10 illustrated in FIG. 4 comprises a low-noise amplifier
(LNA) circuit 30, having an input terminal 32 and an output
terminal 34. Embodiments of the LNA circuit 30 are
described in further detail below. The embodiment of the
radio receiver circuit illustrated in FIG. 4 further comprises a
termination circuit 40 having an input terminal 42 connected
to the output terminal 34 of the LNA circuit 30. The term
“termination circuit” in this context refers to any circuit that is
connected to the output terminal 34 of the LNA circuit 30, and
thus acts as a termination for the LNA circuit 30.

As indicated above, embodiments of the LNA circuit 30
may be employed in other types of receiver circuits than radio
receiver circuits, e.g. receiver circuits for wireline communi-
cation apparatuses. In that case, instead of the antenna, such a
receiver circuit may be connected to a connector for connec-
tion with a wireline communication network. The basic struc-
ture indicated in FIG. 4, with analog processing circuitry 20,
an LNA circuit 30, and a termination circuit 40 may be used
in such a (non-radio) receiver circuit as well.

Before describing embodiments of the LNA circuit 30 in
more detail, a description of the inventors’ further analysis of
the circuits in FIGS. 1 and 2 is provided to facilitate the
understanding of the embodiments of the present invention.
In the following, w denotes angular frequency and s=jw,
where j is the imaginary unit.

A drawback with the resistive shunt feedback circuit (FIG.
1) is that it requires relatively high current levels through Q3
for proper operation and that Q3 adds parasitic (outside the
feedback loop, Rf) loading of the output node which limits the
high-frequency performance. The feedback resistor also adds
capacitive losses to the substrate (ground) which influences
the high-frequency performance. If Q3 is not used (i.e. Rf
connects to RL directly) the gain will be slightly lower as
some of the Q1 collector current will flow through Rf. Unless
Rf>>Rin (e.g., when the voltage gain is very high), Rf will
degrade the noise figure (NF) significantly. The collector
noise of Q1, or drain noise in the MOS case, i, will also be
fed back to the input and add noise. As a rough approximation
we can say that the noise degradation (increase) due to Rf and
i 2

i

ANF ~ 101 (1 r (ALY 1] Fe- 1
~ 10logj, +gm7(m] TTva
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In Eq. 1, A denotes the voltage gain of the circuit, y is
approximately V2 for a bipolar junction transistor (BJT) and
approximately %3 foraMOS transistor, and R, and g, are the
input resistance of the circuit and the transconductance of
transistor Q1, respectively. For a BJT running at 5 mA at
R,,=50Q and A=10, the noise-figure degradation ANF is
about 0.65 dB. The corresponding noise-figure degradation
ANF for a MOS transistor implementation at the same current
is about 0.9 dB, and obtaining a similar ANF as in the BJT
case would require about twice the current in the MOS tran-
sistor implementation.

A high LNA voltage gain is required for low noise but will
at the same time reduce linearity as clipping of the output
node is at a fixed level, limited by the bias current or supply
voltage, and the corresponding input compression point will,
thus, be inversely proportional to the LNA gain. For example,
assuming clipping at the LNA output occurs at 1V amplitude,
then with A=10 we get an input compression point in 50€2 at
around -10 dBm. One volt amplitude corresponds almost to a
rail-to-rail swing for a typical bipolar transistor, while it is
almost twice the supply voltage of MOS devices. Thus, this is
already higher than what is practical and cannot easily be
increased; the gain has to be limited for reasonable linearity.
That is, there is a built-in conflict between linearity and noise
figure for the resistive shunt feedback LNA. Shunt peaking by
inserting an inductor in series with RL or using a parallel
resonator instead of RL will not fundamentally change this
problem, only provide slightly higher bandwidth, or operat-
ing frequency, respectively, at alower power consumption but
at a relatively high area and cost penalty.

A drawback with the series degeneration of FIG. 2 is that
the LNA closed-loop transconductance is reduced, typically
to half the value of the transconductance of M, alone. Fur-
thermore, a matching inductor L, is required. This is typically
an external (or “off-chip”) inductor as its value depends on the
actual operating frequency. The size of [ ; when integrated on
chip, may also be an issue. Furthermore, the structure inher-
ently has a relatively narrow bandwidth as the input imped-
ance is approximately

1 Eq. 2
Zin(s) = Zmach(s) + Zic(s) = sLg + ot (L+p(s)sLy =
o

Lf+L Lr
+ + L) +gm——
5Cee s(Ly ¢)+8&m Ces

This corresponds to a series resonator. The parameter (s)
is the frequency dependent current gain of the transistor M,
g,, denotes the transconductance of the transistor M, C
denotes the gate-to-source capacitance of the transistor M,
and Z,,,..,(s) and Z,-(s) denote the impedance of the part
labeled match and the part labeled IC (Integrated Circuit),
respectively, in FIG. 2. This series resonator needs to be tuned
for each frequency band of interest, and although the inte-
grated parts, M, and I , may support a wider frequency range,
the inductor L, has to be optimized for each band configura-
tion. Sometimes L, is replaced by a more complex matching
network to compensate for parasitics (not shown in FIG. 2),
e.g. ESD (Electro-Static Discharge) protection, but this does
not significantly increase the frequency range for a given set
of component values.

The inductive series feedback relies on a frequency depen-
dent current gain (A,) of the input transistor to obtain a resis-
tive impedance match. This is true for most MOSFETs as
Apg, /(5C,,), and thus has a capacitive behavior, for all fre-
quencies of interest. A similar resistive impedance matching,
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6

without the need for a coil L,can be obtained with a capacitive
shunt feedback LNA (such as that shown in FIG. 1 of Adabi et
al). A simplified schematic circuit diagram of such a capaci-
tive shunt feedback LNA is illustrated in FIG. 5 for reference.
This circuit converts the capacitive feedback impedance to a
resistive input impedance by means of a frequency dependent
(x1/m) voltage gain.

The input impedance of the circuit in FIG. 5 is approxi-
mately

1( CL] Eq. 3
Bl Fe
8m Cr

Zn(S)x ——(———=—~

Cos C
l+s g(1+—L]
&m Cr

The input impedance has a low-pass characteristic with a
resistive part approximately equal to (1+C,/Cr)/g,, and a
bandwidth approximately equal to w,/(1+C,/C), where w,
denotes the angular transit frequency of the transistor which
typically is much larger than the operating frequency.

The voltage gain A, of the circuit in FIG. 5 is frequency
dependent with a low-pass character

SCF = gm Eq. 4

- - &m

VT SCr+sCL  sCr+sCy

The approximations in Eq. 4 are valid for typical compo-
nent values and typical frequencies of interest achievable and
used in integrated circuit LNAs. So, in spite giving a wide-
band resistive input impedance the gain is not, which limits
the usable frequency range. In accordance with embodiments
of'the present invention, this limitation is alleviated by means
the concept of using the current through C; as the output
rather than the voltage across it. This can be accomplished by
terminating the ground end of C, in a low impedance node,
such that the current through C; is essentially independent of
this termination, yielding a transconductance

&mClL Eq. 5

*TCrrC

SCF = &m

Gx~AsCp~
weL sCr +5CLS L

This is an approximately frequency independent transcon-
ductance when w<<g, /C.

Simplified schematic circuit diagrams of the LNA circuit
30 according to embodiments of the present invention,
arranged to operate according to the above-mentioned con-
cept, are provided in FIGS. 6-9. In embodiments of the
present invention, the LNA circuit 30 is capable of amplifying
signals at an operating frequency f(corresponding to an angu-
lar frequency m=2mxtf), or a continuous band of such operating
frequencies. In some embodiments, the operating frequency f
(or continuous band) is a fixed predetermined frequency (or
continuous band). In other embodiments, the LNA circuit is
tunable to several such operating frequencies f (or continuous
bands). In embodiments of the present invention, the LNA
circuit 30 comprises an input transistor 50 having a first
terminal 52, a second terminal 54, and a third terminal 56. The
input transistor 50 may be a MOS transistor or a BIT. In case
of'a MOS transistor, the first terminal 52 is a gate terminal, the
second terminal 54 is a drain terminal, and the third terminal
56 is a source terminal. In case of a BIT, the first terminal 52
is a base terminal, the second terminal 54 is a collector ter-
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minal, and the third terminal 56 is an emitter terminal. The
input transistor 50 is arranged to, in operation, be biased to
have a transconductance g, at the operating frequency f.
Furthermore, in embodiments of the present invention, the
LNA circuit comprises a shunt-feedback capacitor 60 opera-
tively connected between the first terminal 52 of the input
transistor 50 and the second terminal 54 of the input transistor
50. Moreover, in embodiments of the present invention, the
LNA circuit comprises an output capacitor 65 operatively
connected between the second terminal 54 of the input tran-
sistor 50 and the output terminal 34 of the LNA circuit 30.
Using a consistent notation with FIG. 5, the capacitance of the
shunt-feedback capacitor 60 is in the following denoted C,
and the capacitance of the output capacitor 65 is in the fol-
lowing denoted C;. Although the shunt-feedback capacitor
60 is shown in the figures as an individual component, sepa-
rate from the input transistor 50, it should be noted that the
parasitic gate-to-drain capacitance of the input transistor 50
may provide a non-negligible contribution to the capacitance
C. Thus, the shunt-feedback capacitor 60 may in many cases
be seen as comprising the gate-to-drain capacitance of the
input transistor 50 as well as a dedicated capacitor in parallel
therewith. In extreme cases, the shunt-feedback capacitor 60
may even be built up by (or, simply phrased, “be”) the gate-
to-drain capacitance of the input transistor 50 alone.

FIG. 6 illustrates an embodiment of the LNA circuit 30
wherein the input transistor 50 is a MOS transistor, and the
LNA circuit 30 is a common source LNA circuit. In FIG. 6, a
biasing unit 70 adapted to bias the LNA circuit 30 at a suitable
operating point is included. The biasing unit 70 may be com-
prised in the LNA circuit 30, or may be external to the LNA
circuit 30. Alternatively, part of the biasing circuit 70 may be
comprised in the LNA circuit 30 while the remainder of the
biasing circuit 70 may be external to the LNA circuit 30. The
biasing unit 70 may e.g. comprise a passive network and/or an
active network arranged to provide a suitable DC biasing
current for the input transistor 50. Typically, the biasing unit
70 would be designed such as to provide an open circuit at the
operating frequency f (or the continuous band of such oper-
ating frequencies). The biasing unit 70 is included also in the
embodiments illustrated in FIGS. 7-9. The design of a suit-
able biasing unit 70 for a particular embodiment would be a
straightforward task for a person skilled in amplifier design
and is therefore not further described herein in any greater
detail.

For noise reasons, the transconducatance g,, should typi-
cally be made larger, normally much larger, than 1/R (the
reciprocal of the source resistance, as seen by the LNA, which
is also the matching resistance). Thus, the shunt-feedback
capacitance C can be made relatively small (i.e. with small
capacitance, which also translates to a small area) and typi-
cally smaller, normally much smaller, than the capacitance C,
of the output capacitor 65. Furthermore, the loop feedback
factor, or return ratio, can be made relatively small. This
implies that the gain reduction due to C is typically relatively
small.

As hinted above, depending on chosen design parameters
of'the input transistor 50 and the capacitance C; of the output
capacitor 65, the aforementioned gate-to-drain capacitance
(or “internal shunt feedback capacitance™) of the input tran-
sistor 50 may provide a significant contribution to C. Con-
sequently, a relatively small additional area may be needed
for the shunt-feedback capacitor 60 in order to reach the value
of C that is needed to reach the desired input resistance.

In an integrated environment, the transistors and capacitors
may be made in the same technology and g,,, Cr, and C; are
correlated resulting in tight tolerances. If the shunt-feedback
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capacitor 60 (or the part of the shunt feed-back capacitor 60
that is not the gate-to-drain capacitance of the input transistor
50) is built from an MOS gate capacitor, the matching con-
dition will only depend on a capacitance ratio (i.e. layout
feature sizes) and the transconductance g,, of the input tran-
sistor 50. In practice this reduces the design work to control
g, of the input transistor 50 and to make sure that parasitics
are included reasonably well in the modeling of C and C,,
and thus provides a relatively low design complexity, which is
advantageous. Accordingly, in some embodiments of the
present invention, wherein the input transistor 50 is a MOS
transistor the shunt-feedback capacitor 60 is, or comprises, a
MOS gate capacitor implemented with a MOS transistor of
the same type as the input transistor 50. This is illustrated with
an example in FIG. 7, where the shunt-feedback capacitor of
the embodiment in FIG. 6 has been implemented with a MOS
transistor 75.

As mentioned above, other types of transistors than MOS
transistors may be used for the input transistor 50 of the main
amplifier. This is illustrated in FIG. 8, which shows an
embodiment of the LNA circuit 30 wherein the input transis-
tor 50 is a bipolar junction transistor (BJT) in common-
emitter configuration

If needed, a relatively small series inductor can be used to
broaden the bandwidth by making the low-pass characteristic
of'the input impedance a second order, instead of a first order
low-pass characteristic, which is the case without such an
inductor (see e.g. Eq. 3). Such an inductor would still make
the structure low-pass, and hence not operating frequency
dependent, and can thus, be integrated or be part of the pack-
age or PCB. Therefore, according to some embodiments, the
LNA circuit 30 comprises a series inductor operatively con-
nected between the first terminal 56 (i.e. gate or base) of the
input transistor 50 and the input terminal 32 of the LNA
circuit 30. This is illustrated in FIG. 9 with an example
embodiment where a series inductor 80 has been added (con-
nected between the first terminal 52 of the input transistor 50
and the input terminal 32 of the LNA circuit 30) to the
embodiment illustrated in FIG. 6.

Inembodiments of the present invention, the output capaci-
tor 65 is made relatively small. This is in contrast with so
called DC blocking capacitors, for which the capacitance is
normally selected relatively large to effectively block the
DC-level from propagating and provide essentially a short
circuit at the frequency of interest. More specifically, accord-
ing embodiments of the present invention, the output capaci-
tor 65 has a capacitance value C,<g  /f, which is significantly
lower than what would be used for a DC-blocking capacitor.
With this choice of capacitor value there will be some residual
signal voltage across the capacitor which acts like a frequency
dependent voltage-to-current converter. This converter action
in combination with the frequency dependent voltage gain at
the node 54 provides a frequency independent gain (i.e.
transconductance) from LNA input to load capacitor current.
When this gain is frequency independent a wideband opera-
tion is facilitated.

As mentioned above in the context of FIG. 4, the LNA
circuit 30 may be comprised in a radio receiver circuit 10,
together with a termination circuit 40. According to some
embodiments of the present invention, the input terminal 42
of'the termination circuit 40, which is connected to the output
terminal 34 of the LNA circuit 30, is a current input terminal,
i.e. a terminal that is specifically designed (or “particularly
well suited”) to receive an electrical current as input. This
property may e.g. be defined, or quantified, in terms of input
impedance or scattering parameters. For example, according
to some embodiments, the magnitude 1Z,,(f)| of the input
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impedance Z,,, of the termination circuit 40 at the frequency f
is less than %o of the magnitude | (DI=1/(2xf-C,) of the
impedance Z (f) of the output capacitor 65 of the LNA
circuit 30. (Note that Z,, in the preceding sentence is used to
denote the input impedance of the termination circuit 40,
whereas in Eq. 2-3, it is used to denote the input impedance of
the LNA circuit. Having emphasized that, there should be no
risk for confusion.) The ratio 1/10 is only an example; other
numbers may be used as well depending on application. A
suitable ratio for a given application, with given performance
requirements on the LNA circuit 30, may e.g. be determined
using computer simulations. The ratio 1/10 may be a suitable
starting point for such simulations.

The input impedance of the termination circuit 40 in turn
affects the s11 scattering parameter of the LNA circuit 30,
which thus in turn can be used to characterize the suitability of
the termination circuit for receiving an electrical current as an
input signal. For example, input terminal 32 of the LNA
circuit 30 is less than —10 dB at the frequency f. The s11
parameter value —10 dB is only an example; other numbers
may be used as well depending on application. A suitable s11
parameter value for a given application, with given perfor-
mance requirements on the LNA circuit 30, may e.g. be
determined using computer simulations. The s11 parameter
value —-10 dB may be a suitable starting point for such simu-
lations.

FIG. 10 illustrates with an example how a termination
circuit 40 with such a current input terminal may be accom-
plished. In FIG. 10, the termination circuit 40 comprises a
feedback-connected operational amplifier 100. In FIG. 10,
the negative feedback of the operational amplifier 100 pro-
vides a virtual ground node at the negative input terminal of
the operational amplifier 100. Qualitatively speaking, varying
the current input to the input terminal 42 would only result in
arelatively small voltage variation (ideally none for an opera-
tional amplifier with infinite gain) at the input terminal 42,
whereby the input terminal 42 is suitable for receiving an
input current. In FIG. 10, the virtual-ground node of the
feed-back connected operational amplifier 100 is used as
current input terminal. The example illustrated in FIG. 10 is
only an example. Another example of a circuits that can be
designed to have a suitable input impedance value, or provide
a suitable s11 value for the LNA circuit 30, to be suitable for
receiving an electrical current as input signal is a current-
mode mixers. This is illustrated in FIG. 11, showing a mixer
120, driven by a local oscillator signal “LLO”, connected in the
path between the LNA circuit and feedback-connected opera-
tional amplifier 100. Other examples of circuits that can be
designed to have a suitable input impedance value, or provide
a suitable s11 value for the LNA circuit 30, to be suitable for
receiving an electrical current as input signal are e.g. com-
mon-base amplifiers, common-gate amplifiers, trans-imped-
ance amplifiers, and transformers. Thus according to some
embodiments of the present invention, the termination circuit
40 is or comprises a common-base amplifier, a common-gate
amplifier, a trans-impedance amplifier, a feedback-connected
operational amplifier 100 with a virtual-ground node as cur-
rent input terminal, a transformer, or a current-mode mixer.

The present invention has been described above with ref-
erence to specific embodiments. However, other embodi-
ments than the above described are possible within the scope
of the invention. The different features of the embodiments
may be combined in other combinations than those described.
For example, even though the series inductor 80 (FIG. 9) and
MOS gate capacitor 75 (FIG. 7) have been shown together
with a MOS transistor as the input transistor 50, they may well
be used together with a BJT as input transistor 50 as well.
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Furthermore, even though the series inductor 80 (FIG. 9) and
MOS gate capacitor 75 (FIG. 7) have been shown in separate
embodiments, they may of course be used together in other
embodiments. Moreover, for simplicity of illustration, the
LNA circuit 30 have been illustrated in FIGS. 6-9 with single-
ended embodiments. However, these embodiments can be
extended to differential embodiments in a straightforward
manner for a person skilled in LNA design, for example by
combining two single-ended LNA circuits 30. The use of
single-ended embodiments for illustration in this detailed
description is thus not intended as limiting for the scope, and
it should be noted in this context that a differential amplifier
can be considered as comprising a single-ended amplifier as a
sub component. Furthermore, in the figures, shunt-feedback
capacitor 60 and output capacitor 65 have been shown as
directly connected to the second terminal of the input transis-
tor 50. However, in some embodiments, there may well be
some intervening or isolating components connected in
between second terminal of the input transistor and either or
both of the shunt-feedback capacitor 60 and the output
capacitor, such as one or more cascode transistors, buffer
transistors, and/or bufter amplifiers. The scope of the inven-
tion is only limited by the appended patent claims.

The invention claimed is:

1. A receiver circuit comprising:

a common source or common emitter low-noise amplifier
(LNA) circuit for amplifying signals at an operating
frequency f; and

a termination circuit with a current input terminal con-
nected to the output terminal of the LNA circuit,

wherein the LNA circuit comprises:

an input transistor arranged to, in operation, be biased to
have a transconductance g,, at the operating fre-
quency f, and having a first terminal, which is a gate or
base terminal, operatively connected to an input ter-
minal of the LNA circuit;

a shunt-feedback capacitor operatively connected
between the first terminal of the input transistor and a
second terminal, which is a drain or collector termi-
nal, of the input transistor; and

an output capacitor operatively connected between the
second terminal of the input transistor and an output
terminal of the LNA circuit,

wherein the magnitude 1Z,,(f)! of the input impedance Z,,
of the termination circuit at the frequency fis less than
Y10 of the magnitude 1Z ., ()=1/(2rw-C;) of the imped-
ance Z, (1) of the output capacitor of the LNA circuit,
wherein C; is a capacitance value of the output capaci-
tor.

2. The receiver circuit according to claim 1, wherein the
input transistor is a MOS transistor, the first terminal is a gate
terminal, the second terminal is a drain terminal, and the LNA
circuit is a common source LNA circuit.

3. The receiver circuit according to claim 2, wherein the
shunt-feedback capacitor is or comprises a MOS gate capaci-
tor implemented with a MOS transistor of the same type as the
input transistor.

4. The receiver circuit according to claim 2, wherein the
feedback capacitor is or comprises a gate-to-drain capaci-
tance of the input transistor.

5. The receiver circuit according to claim 1, wherein the
input transistor is a bipolar junction transistor, the first termi-
nal is a base terminal, the second terminal is a collector
terminal, and the LNA circuit is a common emitter LNA
circuit.
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6. The receiver circuit according to claim 1, further com-
prising a series inductor operatively connected between the
first terminal of the input transistor and the input terminal of
the LNA circuit.

7. The receiver circuit according to claim 1, wherein the
receiver circuit is a radio receiver circuit.

8. A radio communication apparatus comprising the
receiver circuit according to claim 7.

9. The radio communication apparatus according to claim
8, wherein the radio communication apparatus is a mobile
terminal or a wireless data modem.

10. The radio communication apparatus according to claim
8, wherein the radio communication apparatus is a radio base
station.

11. A wireline communication apparatus comprising the
receiver circuit according to claim 1.

12. The wireline communication apparatus according to
claim 11, wherein the wireline communication apparatus is a
cable modem.

13. The receiver circuit of claim 1, wherein the capacitance
value C; of the output capacitor satisfies C,<g, /f.

14. A receiver circuit comprising:

a common source or common emitter low-noise amplifier
(LNA) circuit for amplifying signals at an operating
frequency f; and

a termination circuit with a current input terminal con-
nected to the output terminal of the LNA circuit,

wherein the LNA circuit comprises:

an input transistor arranged to, in operation, be biased to
have a transconductance g, at the operating fre-
quency f, and having a first terminal, which is a gate or
base terminal, operatively connected to an input ter-
minal of the LNA circuit;

a shunt-feedback capacitor operatively connected
between the first terminal of the input transistor and a
second terminal, which is a drain or collector termi-
nal, of the input transistor; and

an output capacitor operatively connected between the
second terminal of the input transistor and an output
terminal of the LNA circuit,

wherein the termination circuit is or comprises a common-
base amplifier, a common-gate amplifier, a trans-imped-
ance amplifier, a feedback-connected operational ampli-
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fier with a virtual-ground node as current input terminal,
a transformer, or a current-mode mixer.

15. The receiver circuit of claim 14, wherein the output
capacitor has a capacitance value C,<g /f.

16. The receiver circuit according to claim 14, wherein the
input transistor is a MOS transistor, the first terminal is a gate
terminal, the second terminal is a drain terminal, and the LNA
circuit is a common source LNA circuit.

17. The receiver circuit according to claim 16, wherein the
shunt-feedback capacitor is or comprises a MOS gate capaci-
tor implemented with a MOS transistor of the same type as the
input transistor.

18. The receiver circuit according to claim 16, wherein the
feedback capacitor is or comprises a gate-to-drain capaci-
tance of the input transistor.

19. The receiver circuit according to claim 14, wherein the
input transistor is a bipolar junction transistor, the first termi-
nal is a base terminal, the second terminal is a collector
terminal, and the LNA circuit is a common emitter LNA
circuit.

20. The receiver circuit according to claim 14, further
comprising a series inductor operatively connected between
the first terminal of the input transistor and the input terminal
of the LNA circuit.

21. The receiver circuit according to claim 14, wherein the
receiver circuit is a radio receiver circuit.

22. A radio communication apparatus comprising the
receiver circuit according to claim 21.

23. The radio communication apparatus according to claim
22, wherein the radio communication apparatus is a mobile
terminal or a wireless data modem.

24. The radio communication apparatus according to claim
22, wherein the radio communication apparatus is a radio
base station.

25. A wireline communication apparatus comprising the
receiver circuit according to claim 14.
26. The wireline communication apparatus according to

claim 25, wherein the wireline communication apparatus is a
cable modem.



